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SUBJECT:  Final  Report  on  Initial  Production  Test  of  Cartridge,  Blroi,  HE, 
M3?4AP,  U3AT2S0M  Project  No.  6-M> -001-37^-039 


Commanding  fieneral 
US  Army  Munitions  Command 
Dover,  New  Jersey  07201 


1.  Reference. 

a.  Final  Report  on  Product  Improvement  Test  of  Cartridge,  83 -IP-:,  M37^ 
with  Modified  Tgniti on- Propellant  System  and  Reduced  Bourrclet,  USATMCO’-' 
Project  No.  P-MU-001-374-010,  Report  No.  APG-MT-3311,  Aupt not  196?. 

b.  Letter,  AII3TR-EC,  HO,  USATgCCH,  27  June  19<$9,  subject:  Suitability 
of  Cartridge,  81r;n,  H3,  Y.y?k  with  Reduced  Bourrelet  and  Modified  Ignition/ 
Propellant  System. 

2.  Approval  Statement.  Subject  report  is  approved. 

3.  Dr.akgronnd. 

a.  The  Cartridges,  81m  1,  HN,  V.y7h  and  V.'P,  M3?5  wore  type  classified 
without  a  moisture proof  ignition/propellant  system;  protection  was  dependent 
on  exterior  packaging.  Extensive  use  of  these  items  in  SMA  disclosed  their 
performance  was  significantly  degraded  when  expir'd  to  the  humid  and  wet 
environment  prevalent  in  SNA  due  to  packaging  limitations  or  exposure  af t-'-r 
unpnckr.gir.g.  An  expedited  product  improvement  effort  on  the  V.y/k  cartridge 
was  initiated  to  provide  a  completely  waterproof  cartridge. 

b.  Test  cartridges  incorporated  a  bourrelet  reduced  0.010"  as  previously 
approved  by  Engineering  Change  Ord  r  AS’0105,  dated  11  March  1969,  ns  a  means 
of  reducing  misfires  due  to  residue  thou  prevalent  with  the  M3?4  cotton  bag 
cartridges.  Subject  report  does  not  address  the  reduced  bourrelet  per  so 
since  this  aspect  was  .adequately  explored  in  earlier  tests,  reference  la, 
did  not  influence  velocity  levels,  ani  war.  not  directly  pertinent  to  the 
waterproofing  modi  ficationn. 
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c.  After  selection  of  a  moistu reproof  ignition/ propellant  system 
consisting  of  a  modified  fin  assembly,  modified  ignition  cartridge,  and 
coicon-. ;ilk  propellant  increment  bags,  mortar  cartridges  were  subjected 
to  extensive  testing  as  reported  in  reference  la.  USAT2C0M  concluded  the 
item  as  tested  was  suitable  for  US  Army  use,  reference  lb. 


d.  'fnc  samples  submitted  for  subject  initial  production  test  wero 
designated  as  K3?4A2  and  wore  identical  to  those  previously  tested  with 
one  exception;  the  propellant  increment  bags  tested  during  the  product 
improvement  activity  had  a  total  of  three  heat  sealed  seams  to  provide 
adequate  moisture  protection  to  the  contents,  whereas  these  submitted  for 
the  initial  production  tost  had  one  heat  sealed  and  two  sown  seams  at  the 
small  ends.  The  sewn  ends  wero  substituted  ponding  resolution  of  temporary 
fabrication  problems. 

e.  Testing  was  conducted  by  Aberdeen  Proving  Ground  between  March  and 
May  1970.  Personnel  of  the  US  Army  Infantry  Hoard  inspected  tost  cartridges 
on  24  April  1970  to  determine  if  there  were  any  factors  resulting  from  the 
modification  that  would  introduce  any  human  factors  problems.  The  test 
objective  was  to  determine  if  the  production  item  performed  equal  to  or 
better  than  those  tested  during  the  product  improvement  test,  to  include 
confirmation  of  the  adequacy  of  polystyrene  muffs  to  afford  rough  handling 
protection. 

f.  Since  there  are  no  QMR’s  or  SDR’s  against  which  to  evaluate  subject 
cartridge,  testing  was  conducted  using  criteria  quoted  in  the  approved  plan 
of  test.  Test  results  generated  using  those  criteria  were  adequate  to 
evaluate  the  item  relative  to  its  suitability  for  issue. 


4.  Test  Results. 

-  -ST 

a.  The  Cartridge,  81mm,  HE,  M374A2  met  completely,  seven  of  the  nine 
test  criteria  and  net  partially,  the  two  remaining  criteria.  Ho  deficiencies 
and  two  shortcomings  wore  reported. 

b.  Shortcomings  (2): 

(l)  The  velocity  levels  of  the  tost  cartridges  v:ere  statistically 
different  at  the  5^  level  of  significance  from  the  control  for  six  of  the 
nine  charge  levels. 


2 


AMSTR-DC  l8JUf.  ;a/tf 

SUBJECT:  Final  Report  or.  Initial  Production  Test  of  Cartridge,  8lnm,  HE, 
K374A2,  USATECOM  Project  Ho.  6-tril-001-3?4-039 

(2)  The  test  cartridge  did  not  pass  the  simulated  rain  exposure  test. 

c.  No  problems  relative  to  residue,  safety,  or  human  factors  aspects 
were  uncovered  during  testing.  No  maintenance  was  required. 

d.  The  provision  of  polystyrene  muffs  minimised  failures  of  increments 
during  rough  handling  tests. 

5.  Comments. 

a.  Relative  to  the  two  reported  shortcomings: 

(1)  Although  the  velocity  levels  of  the  test  and  control  cartridges 
are  small  they  arc  statistically  different  at  the  ejh  level  of  significance, 
i.e.,  +6  to  -6  fps.  However,  velocity  levels  arc  adjustable  as  part  of 
propellant  acceptance  procedures. 

(2)  Failure  of  the  cartridge  to  pass  the  simulated  rain  tost  was 
expected  prior  to  testing  because  of  the  change  in  sealing  the  propellant 
bags.  A  production  accident  during  the  heat  scaling  of  the  bag  ends 
resulted  in  temporary  termination  of  the  process  pending  corrective  imple¬ 
mentation.  In  the  interim,  bags  wore  produced  with  sewn  ends  which  wore  not 
expected  to  afford  the  sar.o  degree  of  moisture  protection  as  those  with  heat 
scaled  ends. 

b.  It  should  be  noted  that  the  standard  cartridge  with  cotton  increment 
bags  was  not  subjected  to  any  of  the  waterproof ness  tests  because  of  the 
data  already  available.  The  performance  of  standard  cotton  increments  is 
seriously  degraded  when  exposed  directly  to  storage  either  in  a  high-humid 
environment  or  when  exposed  to  water;  the  waterproof  fabric  and  ignition 
system  of  subject  cartridges  are  significantly  more  rerlstar.t. 

c.  Current  production  methods  for  propellant  increment  bags  arc  identical 
to  those  used  in  the  manufacture  of  the  items  submitted  for  subject  test 
except  for  the  closures.  This  command  has  been  informed  that  the  heat  scaling 
process  has  been  reinstated  for  .alb  seams  using  the  cam?  techniques  c3  used 
previously.  Consequently,  all  attributes  of  the  cartridges  tested  during 
subject  test  are  applicable  to  fully  heat  sealed  increment  bags.  Additionally, 
tests  conducted  earlier  as  reported  in  reference  la  disclosed  heat  sealed 
bags  afford  satisfactory  moisture/ water  protection  to  the  propellant. 


amste-dc  *  8  J!j:'  ‘ 

3U3JKCT:  Final  Report  on  Initial  Production  Tost  of  Cartridge,  Sinn,  HR 
K374A2,  USATRCCII  Project  Ho.  8-KU-G01-374-039 

d.  Although  the  Cartridge,  81m,  V/P,  M375A2  vns  not  tested,  all 
statements  and  conclusions  relative  to  the  M374A2  are  applicable  to  the 
‘•375A2  since  the  sane  ignition/ propelling  system  is  used  with  both 
cartridges. 

e.  US  Aimy  Infantry  Hoard,  after  inspection  of  the  test  item  at  APG 
cot.ji-.entcd  on  the  color  of  the  protective  nuff.  Those  furnished  with  the 
tost  item  were  white,  which  is  objectionable  for  reasons  of  camouflage 
security. 


6.  Conclusion.  The  Cartridge,  filmn,  HR,  K374A2  and  its  V/P  counterpart, 
M375A2  is  suitable  for  issue. 

7.  Recommendations. 


a.  Tlie  nuffs  used  to  protect  the  propelling  charge  be  of  a  color 
conpatible  with  current  camouflage  techniques. 

b.  The  velocity  level  of  future  production  be  adjusted  during 
propellant  proof  acceptance  testing  to  conform  to  existing  firing  tables 
or  to  levels  currently  achieved  with  11374  cartridges. 

FOR  THR  COMMANDER: 
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ABSTRACT 


An  Initial  production  teat  was  conducted  at  Aberdeen  Proving  Ground  from 
30  March  to  14  May  1970  on  the  81 -nan  mortar  cartridge,  HE,  M374A2 
(M374E5)  which  features  a  reduced  bourrelet  and  a  water  resistant  igni¬ 
tion  -  propellant  system.  The  cartridges  tested  were  inert-loaded  and 
represent  the  initial  production  of  Milan  Army  Ammunition  Plant.  Various 
tests  were  conducted  to  determine  if  the  test  item  was  equal  to  or  better 
than  the  M374ES  test  cartridge  submitted  previously  for  US  Army  Test  and 
Evaluation  Comsumd  evaluation.  Residue  tests  were  satisfactory;  velocity 
level  differences  of  test  rounds  were  significant  though  of  small  magni¬ 
tude  compared  with  the  control  (M374),  and  velocity  and  range  dispersion 
were  equal  to  or  better  than  the  control;  pressures  were  satisfactory; 
test  rounds  did  not  perform  as  well  as  previously  in  waterproof  ness  tests 
because  the  ends  of  the  Celcon/sllk  propellant  bags  were  sewed  and  not 
heat-sealed  as  in  the  earlier  version;  there  were  short  rounds  in  the  rain 
test,  but  none  in  the  puddle  or  humidity  test;  rough  handling  tests  using 
charge  protector  muffs  were  satisfactory;  solar-radiation  testu  with  charge 
protection  were  satisfactory;  and  cook-off  hazards  and  maintenance  with 
test  rounds  were  not  significantly  different  from  that  experienced  with 
control  rounds*  United  States  Army  Infantry  Board  representatives  found 
no  human  factors  problems  except  that  the  white  increment  protector  muffs 
should  be  black  or  brown  to  conform  with  current  camouflage  techniques. 

It  was  concluded  that  the  initial  production  M374A2  cartridges  performed 
satisfactorily,  fcqual  to,  or  better  than  the  item  in  the  previous  US  Army 
Test  and  Evaluation  Command  evaluation  in  all  phases  except  for  velocity 
level  and  waterproofness.  A  correction  to  firing  tables  to  compensate 
for  velocity  differences  is  required. 


FOREWORD 


The  Materiel  Testing  Directorate  was  responsible  for  preparing  the  te^t 
plan,  conducting  the  test,  and  preparing  the  test  report. 
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USATECOM  PROJECT  NO.  8-MU-001 -374-039 

FINAL  REPORT  ON  INITIAL  PRODUCTION  TEST  OF 
CARTRIDGE,  81 -MM,  HE,  M374A2 
WITH  REDUCED  BOURRELET  AND 
WATERPROOFED  IGNITION  -  PROPELLANT  SYSTEM 

30  MARCH  TO  14  MAY  1970 


SECTION  1.  SUMMARY 


1 , 1  BACKGROUND 

Cartridge,  81-mm,  HE,  M374  and  its  WP  counterpart,  M375,  were  type-class¬ 
ified  without  a  waterproof  Ignition  -  propellant  system.  Short  rounds 
and  misfires  were  encountered  in  the  field  when  these  cartridges  were  ex¬ 
posed  to  excessive  moisture.  As  an  interim  solution  relative  to  moisture 
protection,  81-mm  mortar  ammunition  was  supplied  to  the  field  in  a  fiber 
container  which  in  turn  was  jungle  wrapped.  Picatinny  Arsenal  has  devel¬ 
oped  a  moisture-resistant  ignition  •  propellant  system  for  use  with  cur¬ 
rent  81-mm  mortar  ammunition.  Waterproofing  of  components  has  resulted 
in  an  acceptable  Ignition  system;  testing  of  a  waterproof  propelling 
charge  at  APG  provided  sufficient  data  upon  which  a  choice  of  propelling- 
bag  materiel  was  made.  USATECOM  conducted  an  Independent  evaluation  under 
USATECOM  Project  No.  8-MU-001  -374-008  for  the  M374E4  cartridge  and  for  the 
M374E5  cartridge  under  USATECOM  Project  No.  8-MU-001-374-010.  Based  on  the 
results  of  these  tests,  USATECOM  recommended  the  M374E5  as  suitable  and  the 
M374E4  as  suitable  on  an  interim  basis.  This  test  was  to  evaluate  the  ini¬ 
tial  production  for  the  M374A2  (M374E5). 


1.2  DESCRIPTION  OF  MATERIEL 

The  test  ammunition  consists  of  the  M374  (modified)  HE  shell  body  M374(A1) 
with  a  0.010-inch  reduced  bourrelet  (3.172  -  0. 005-inch  diameter  before 
paint  and  3.174-inch  maximum  after  paint)  fitted  with  a  welded  split  ring 
delrin  obturating  band;  a  potted  primer  M71A1E1(A2);  a  Mylar-wrapped  igni¬ 
tion  cartridge,  XM285  (M285)  without  brass  liner,  potted  into  fin  assembly 
XM170  (M170)  with  RTV;  Celcon/silk  propellant  bags.  Celcon/silk  propellant 
bags  submitted  for  this  test  are  sewed  at  the  ends  and  not  heat-sealed, 
thereby  producing  an  increment  that  is  not  waterproof. 

The  cartridges  represent  the  inert  version  of  the  initial  production  of 
Milan  Army  Ammunition  Plant  with  propelling  charges  from  Indiana  Army 
Ammunition  Plant.  See  Figures  1.2-1  through  1.2-4. 
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The  control  rounds  for  the  velocity  uniformity  phase  were  cartridge,  81 -mm, 
HE,  M374  (inert -loaded)  with  dolrin  obturator  and  cotton  increment  bags. 
The  propellant  charge  was  assessed  to  -he  same-  velocity  ..s  the  test  pro¬ 
pellant  lot. 


Figure  1.2-1:  Cartridge,  81 -MM,  HE,  M374A2  (Inert-Loaded),  with 
Inert  M524Ab  Fuze. 


Figure  1.2-2:  Cartridge,  81-MM,  HE,  M374A2  (Inert-Loaded)  with 
Styrofoam  ClamsheLl  Charge  Protector  (Top)  and  with  Black  Plastic  Bag 
Charge  Protector  (Bottom). 
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Figure  1.2-3:  Fiber  Container  with  Jungle  Wrap  for  Cartridge,  81 -MM, 
HE,  M374A2,  Showing  Black  Plastic  Bag  Charge  Protector  and  Dehumidification 
Package  As  Packed  with  the  Round. 


Figure  1.2-4:  Ammunition  Box  and  Packing  for  Use  with  Cartridge, 
81-MM,  HE,  M374A2. 
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1.3 


TEST  OBJECTIVE 


The  objective  was  to  verify  that  the  quality  of  the  initial  production 
item  was  equal  to  or  better  than  the  item  submitted  for  USATECOH  evalua¬ 
tion. 


1.4  SCOPE 

The  M374A2  cartridges  were  subjected  to  tests  in  the  following  phases, 
tests,  and  evaluation: 

a.  Residue  Phase:  Effect  of  residue  in  relation  to  misfires. 

b.  Velocity  -  Uniformity  Phase:  Comparison  of  velocity  and  range 
characteristics  of  test  (M374A2)  and  control  (M374)  cartridges. 

c.  Waterproofing  Phase:  Effects  of  puddle,  rain,  and  warm  -  wet 
humidity  tests  in  relation  to  low  velocities  and  short  ranges. 

d.  Bump  Test:  Effect  of  rough  handling  on  performance. 

e.  Maintenance  Evaluation:  Maintenance  requirements  were  observed 
throughout  the  tests. 

f.  Solar  Radiation  Phase:  Effect  on  performance  after  being  sub¬ 
jected  to  solar  radiation. 

g.  Cook-Off  Phase:  Cook-off  characteristics  of  test  (M374A2)  and 
control  (M374)  cartridges. 


1.5  SUMMARY  OF  RESULTS 

The  test  results  were  summarized  in  the  following  phases,  tests,  and 
evaluation. 

1.5.1  Residue  Phase 

Three  hundred  test  cartridges  (M374A2)  were  fired  in  25-round  groups  at 
the  rate  of  12  rounds  per  minute.  Groups  at  charges  1,  2,  3,  2,  4,  2,  5, 
2»  7,  2,  9,  and  2  were  fired  in  that  order.  No  misfires  occurred  and  only 
occasional  small  pieces  of  bag  residue  were  found  in  the  weapon  after  each 
25-round  group.  Test  criterion  was  met. 

1.5.2  Velocity  -  Uniformity  Phase 

A  velocity  comparison  between  test  (M374A2)  and  control  (M374)  rounds  at 
various  charges  and  temperatures  is  shown  in  Table  1.5-1.  These  data 
were  obtained  in  10-round  groups.  Pressures  at  charge  9  only  are  also 
shown.  Velocities  and  pressures  are  corrected  to  a  shell-weight  of  9.12 
pounds. 
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Range  data  were  also  requested  and  obtained  in  this  phase  of  the  test.  A 
comparison  of  range  results  between  test  and  control  rounds,  both  observed 
and  corrected,  is  shown  in  Table  1.5*11.  Ranges  are  corrected  to  a  shell* 
weight  of  9.12  pounds,  to  control  round  average  velocity,  and  to  ICAO 
standard  atmospheric  structure. 

The  velocity  level  of  the  test  cartridge  was  significantly  different  from 
the  control  cartridge,  but  the  differences  were  small  (a  maximum  of  6  fps 
at  +70°F). 

Velocity  and  range  dispersion  for  the  test  cartridge  was  equal  to  or  better 
than  for  the  control  cartridge  with  significantly  better  results  in  three 
cases. 

The  Firing  Tables  Branch  of  BRL,  after  a  complete  analysis  of  the  test 
data,  has  stated  that  a  correction  to  muzzle  velocity  must  be  made  for 
one  cartridge  when  attempting  to  use  the  same  aiming  data  for  both. 


Pressure  levels  were  within  test  requirements. 

A  ballistic  match  as  fired  did  not  exist;  there  was  a  ballistic  match, 
however,  when  velocities  were  corrected. 

The  test  criteria  were  partially  met. 

1.5.3  Waterproofing  Phase 

Velocities  obtained  upon  firing  the  test  and  control  rounds  following  the 
various  waterproofing  tests  are  contained  in  Table  1.5*111.  Control  rounds 
were  test  rounds  which  were  not  conditioned. 

Test  cartridges  exhibited  velocity  characteristics  equal  to  those  of  the 
M374E5  cartridges  in  the  USATECOM  evaluation  as  reported  in  Report  No. 
APG*MT*3311  during  the  puddle  and  the  10*day  high-humidity  tests.  The 
results  of  the  rain  test  shoved  that  the  test  cartridge  velocity  charac¬ 
teristics  were  not  as  good. 

The  test  criteria  were  partially  met. 

1.5.4  Bump  Test 

When  bumped,  no  damage  occurred  to  any  test  rounds  packed  in  boxes  in 
jungle -wrapped  fiber  containers  with  clamshell  charge  protectors. 

When  fired  for  functioning  at  charge  9  with  control  rounds,  all  rounds 
fired  satisfactorily.  Test  rounds,  not  conditioned,  averaged  a  velocity 
of  866  fps;  test  rounds  that  had  been  bump-tested  averaged  863  fps. 

Test  criterion  was  met. 
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Table  1.5-1.  Comparison  of  Velocity  and  Pressure  Mean  and 
Standard  Deviation  for  Test  (M374A2)  and 
Control  (M374)  Rounds 


Pressure 


Muzzle  Velocities 

.  fPs _ 

Vel 

Avg, 

psi 

Charge, 

QE, 

Test 

Control 

Difference 

ner 

1000 

No.  Incr 

deg 

Avg 

Std  Dev 

Avg 

Std  Dev 

T-C 

Test 

Cont 

Conditioning  Temperature:  +70° 

F. 

1 

45 

348 

1.7 

344 

2.7 

a+  4 

* 

m 

2 

45 

431 

2.6 

427 

2.2 

a+  4 

• 

m 

3 

45 

507 

b1 .9 

502 

3.4 

a+  5 

m 

m 

4 

45 

573 

1.8 

c567 

1.7 

a+  6 

m 

m 

5 

45 

635 

1.2 

d634 

1.5 

+  1 

• 

m 

6 

45 

695 

1.9 

694 

1.8 

+  1 

• 

m 

7 

45 

750 

b1 .4 

752 

2.6 

a.  2 

m 

m 

8 

65 

806 

2.0 

808 

2.9 

-  2 

m 

m 

9 

65 
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1.8 

865 

1.3 

a-  6 

8.0 

8.0 

Conditioning  Temperature:  +145 

°F. 

2 

45 
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2.3 

441 

3.7 

+  2 

m 

m 

4 

45 

588 

1.7 

585 

1.8 

3 

m 

- 

9 

65 

878 

2.7 

888 

2.4 

a-10 

8.8 

8.8 

Conditioning  Temperature:  -50°F. 

2 

45 

411 

.4.8 

403 

7.8 

a+  8 

. 

4 

45 

553 

b3.6 

c540 

8.5 

a+1 3 

m 

m 

9 

65 

828 

3.2 

823 

5.0 

a+  5 

7.1 

7.3 

‘Average  test  round  velocity  significantly  different  from  control. 
°Std  dev  of  test  significantly  less  than  controls. 

‘"Nine  rounds;  one  round  misfired. 
dElght  rounds;  two  rounds  misfired. 

Note:  Velocities  corrected  to  projectile  weight  of  9.12  pounds. 
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Table  1.5-II.  Comparison  of  Range  Results  with  Test  (M374A2)  and  Control  (M374) 
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corrected  velocity  of  the  control  group  and  ICAO 


Table  1.5-III.  Summary  of  Velocities  and  Short  Rounds 
after  Puddle,  Rain,  and  Humidity  Tests 
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1.5.5  Maintenance  Evaluation 


No  maintenance  problems  were  encountered  with  the  M374A2  cartridges  other 
than  those  normally  expected  with  M374  standard  cartridges.  Test  criterion 
was  met. 

1.5.6  Solar  Radiation  Phase 

Visual  examination  of  the  ammunition  with  the  three  type-packaging  tested 
showed  slight-to-heavy  discoloration  of  the  Celcon  charge  increments. 

There  was  no  indication  of  deterioration  of  the  Celcon  fabric  as  was 
experienced  when  the  directly-exposed  cartridges  were  previously  tested. 
None  of  the  increment  bags  were  brittle. 

Discoloration  varied  with  the  different  packaging  methods  used  and  is 
described  as  follows: 

a.  Styrofoam  Clamshell.  Slight  discoloration  of  the  Celcon  fabric 
at  both  ends  extending  approximately  1/2  inch  toward  the  center. 

b.  Black  Plastic  Bag.  Slight  discoloration  of  all  Celcon  fabric 
charge  increments. 

c.  Fiber  Container.  Heavy  discoloration  of  all  Celcon  fabric 
charge  increments. 

There  was  no  indication  of  deterioration  of  any  of  the  three  types  of 
packaging.  When  the  solar* radiation  rounds  were  fired  for  functioning 
at  charge  9  with  unconditioned  test  rounds,  all  rounds  fired  satisfactorily. 
Unconditioned  test  rounds  average  velocity  was  872  fps;  the  test  rounds 
from  solar*radlatlon  conditioning  averaged  from  14  to  21  fps  less,  depend¬ 
ing  on  the  type  of  packaging.  Test  criterion  was  met. 

1.5.7  Cook-Off  Phase 

Test  rounds,  M374A2,  cooked-off  with  charge  9  at  a  minimum  tube  te.jpera- 
ture  of  +500°F.  One  did  not  cook-off  at  +520°F.  A  control  (M374)  round 
with  charge  9  cotton-hag  increments  failed  to  cook-off  at  +580°F.  In 
the  USATEGOM  evaluation  of  the  M374F4  cartridge  (Report  No.  APG-MT-3285) , 
the  control  (M374)  cartridge  cooked-off  at  a  minimum  tube  temperature  of 
+440°F;  one  did  not  cook-off  at  +435°F. 

Test  round  cook-off  times  for  each  round  tested  were  36  seconds  or  less. 
Control  round  cook-off  times  in  the  above-referenced  report  were  a  maxi¬ 
mum  of  89  seconds. 

All  test  rounds  that  cooked-off  had  ranges  from  20  to  40  meters. 

Test  criterion  was  met. 
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1.5.8  Human  Factors  Phase  (USAIB) 


Representatives  of  the  USAIB,  who  examined  the  test  cartridges,  made  the 
following  comments: 

a.  No  actual  or  potential  human  factors  problems  were  detected. 

b.  The  color  of  the  increment  protector  muffs  (white)  is  tactically 
unacceptable. 

c.  The  muffs  should  be  black  or  brown  to  conform  with  current  camou¬ 
flage  techniques. 


1.6  CONCLUSIONS 
It  is  concluded  that: 

a.  Cartridge,  HE,  M374A2  is  equal  to  or  better  than  the  item  sub¬ 
jected  to  an  independent  USATECOM  evaluation  with  the  following 
exceptions: 

1)  Mean  velocity  differs  by  a  statistically  significant  amount 
for  certain  charge  levels  (ref  par.  1.5.2). 

2)  The  ability  to  withstand  rain  is  less  (ref  par.  1.5.3). 

b.  A  muzzle  velocity  correction  must  be  made  when  using  M374 
aiming  data  (ref  pars.  1.5.2,  2.3.5,  and  Appendix  V). 

c.  The  white  protective  muffs  are  a  deterent  to  security  (ref  pars. 
1.5.8  and  2.9.4  and  Appendix  V)  . 

d.  Removal  of  excess  moisture  by  shaking  reduced  percentage  of 
erratic  rounds  (ref  par.  2.4.4). 


1 . 7  RECOMMENDATIONS 
Not  applicable. 
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SECTION  2.  DETAILS  OF  TEST 


2 . 1  INTRODUCTION 

This  test  is  designed  to  provide  an  evaluation  of  the  initial  production 
of  the  81 -mm  cartridge  containing  four  basic  modifications,  each  of  which 
has  been  previously  evaluated  (par.  1.2).  Items  under  test  (M374A2)  were 
referred  to  as  test  cartridges.  Where  required  for  comparison,  test  car¬ 
tridges  not  subjected  to  conditioning  were  used  throughout  the  test. 
Control  cartridges  (M374)  using  cotton  increment  bags  were  used  in  the 
velocity  uniformity  phase. 

Testing  was  performed  at  Aberdeen  Proving  Ground  using  trained  civilian 
gun  crews. 

All  safety  considerations  are  unchanged  in  the  test  rounds  and  have  been 
adequately  tested  in  previously  reported  test  firings. 

Testing  was  conducted  using  M29E1  tubes  in  new  condition  (maximum  dimen¬ 
sion  0.004  inch  over  drawing  tolerance).  Testing  has  been  conducted  in 
a  worn  tube  and  is  not  considered  necessary  in  this  program. 

Although  range  and  accuracy  performance  of  this  design  has  demonstrated 
a  ballistic  match  with  the  present  standard  cartridge,  the  design  agency 
requested  that  range  data  be  included  to  allow  for  instances  where  a 
statistical  difference  might  exist  due  to  a  low  standard  deviation  of 
velocity,  but  where  little  absolute  difference  would  exist  in  range  due 
to  external  effects  on  cartridge  during  flight. 

The  bump  test  is  used  to  evaluate  transportability  as  this  is  considered 
the  most  severe  of  the  rough-handling  tests. 

Results  of  this  test  are  considered  applicable  to  the  M375A2  WP  cartridge. 


2.2  RESIDUE  PHASE 

2.2.1  Objective 

The  objective  was  to  determine  if  the  test  cartridge  would  fire  properly 
without  excessive  misfires. 

2.2.2  Criterion 

The  criterion  is  that  there  shall  be  less  than  1%  misfires  caused  by  pro¬ 
pellant  bag  residue  remaining  in  the  tube. 

2.2.3  Method 

The  mortar  was  elevated  to  45°  and  fired  at  a  .*ate  of  12  rounds  per  min¬ 
ute.  All  rounds  were  inert-loaded  to  standard  weight  (9.12  +  0.1  lb)  and 
fired  at  ambient  temperature. 
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Thermocouples  were  attached  to  the  tube  36  inches  ftom  the  muzzle,  and  a 
temperature  recorder  was  used  to  monitor  tube  temperature  when  firing  at 
charge  9  to  coordinate  this  phase  with  the  cook-off  phase. 

Test  rounds  were  fired  in  the  numbers  and  at  the  charges  shown  in  Table 

2.2-1. 


Table  2.2-1.  Number  of  Rounds  and  Charges  to  be  Fired 


No.  Rds  to  Fire 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 


Charge,  increments 

1 

2 

3 
2 

4 
2 

5 
2 
7 
2 
9 
2 


The  tube  was  dry-swabbed  after  each  group  and  allowed  to  cool  to  ambient 
temperature  between  groups. 

A  simulated  misfire  test  cartridge  with  full  service  charge  was  inserted 
after  firing  the  charge  7  and  charge  9  groups  to  determine  if  a  cook-off 
would  occur.  After  charge  9  firing,  a  second,  third,  and  fourth  simu¬ 
lated  misfire  test  cartridge  was  inserted  to  determine  cook-off  potential. 
This  became  a  part  of  the  cook-off  phase. 

If  the  criterion  was  not  met  during  the  above  firing  as  a  result  of  pro¬ 
pellant  bag  residue,  the  firing  was  to  be  repeated  using  standard  M374 
cartridges.  This  was  not  necessary. 

2.2.4  Results 

No  misfires  occurred.  Some  small  pieces  of  bag  residue  were  found  in  the 
tube  or  on  the  swab  after  each  of  the  12  25-round  groups  were  fired. 

Table  2.2-II  Indicates  remaining  amounts  of  bag  residue. 
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Table  2. 2 -II.  Remaining  Amounts  of  Bag  Residue 


Test  No. 

Chg 

Used 

Misfires 

Amount  of  Bag  Residue 

1 

1 

None 

None 

2 

2 

None 

None 

3 

3 

None 

1  small  piece 

4 

2 

None 

Small  pieces 

5 

4 

None 

Large  piece  in  bottom  of  tube 

6 

2 

None 

Small  piece 

7 

5 

None 

None 

8 

2 

None 

None 

9 

7 

None 

Small  piece 

10 

7 

None 

Small  piece 

11 

9 

None 

None 

12 

2 

None 

None 

2.2.5  Analysis 

The  test  criterion  was  met. 


2.3  VELOCITY  -  UNIFORMITY  PHASE 

2.3.1  Objective 

The  objective  was  to  determine  if  the  test  cartridge  velocity  characteris¬ 
tics  are  significantly  different  from  the  M374  cartridge. 

2.3.2  Criteria 

The  criteria  are  as  follows: 

a.  The  velocity  levels  of  the  test  and  control  cartridges  shall  not 
differ  significantly  at  the  95%  confidence  level.  The  standard 
deviation  of  the  test  cartridge  shall  not  be  significantly  worse 
than  that  of  the  control  cartridge  at  the  same  level. 

b.  No  individual  peak  chamber  pressure  wit}*  the  test  cartridge  con¬ 
ditioned  at  +145°F  shall  exceed  10,600  p'si. 

c.  A  ballistic  match  shall  exist  between  test  and  control  cartridges. 

2.3.3  Method 

The  mortar  was  emplaced  on  a  base  of  crushed  stone  and  clay.  Solenoid 
coils  were  positioned  for  measuring  velocity.  Copper  crusher  gages  were 
used  for  measuring  peak  pressures.  Using  inert  rounds  with  live  M524A5 
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fuzes,  test  and  control  cartridges  were  fired  alternately  as  shown  in 
Table  2.3-1  for  velocity  and  complete  range  data.  Pressure  was  measured 
only  on  the  charge  9  rounds. 


Table  2.3-1.  Firing  Schedule 


No.  Rds 


Chg,  incr 

F. le v ,  deg 

Temp,  °F 

Test  (M37AA2) 

Control  (M37A) 

9 

65 

+  70 

10 

10 

8 

65 

+  70 

10 

10 

7 

A5 

+  70 

10 

10 

6 

A5 

+  70 

10 

10 

5 

A5 

+  70 

10 

10 

A 

A5 

+  70 

10 

10 

3 

A5 

+  70 

10 

10 

2 

A5 

+  70 

10 

10 

1 

A5 

+  70 

10 

10 

9 

65 

+1A5 

10 

10 

A 

A5 

+1A5 

10 

10 

2 

A5 

+1A5 

10 

10 

9 

65 

-  50 

10 

10 

A 

A5 

-  50 

10 

10 

2 

A5 

-  50 

10 

10 

Firings  were 

conducted  in 

accordance 

with  MTP  3-2-819 

(Interim  Pamphlet 

70-35). 


2. 3. A  Results 

The  results  of  the  firings  in  this  phase  are  contained  in  Table  2.3-II. 
Comparisons  of  results  between  test  and  control  cartridges  in  this  phase 
are  shown  in  Figures  2.3-1,  2.3-2,  and  2.3-3. 

The  velocity  levels  for  the  test  and  control  rounds  are  significantly 
different  by  amounts  varying  from  +6  to  -6  fps  at  +70UF  with  an  apparent 
relationship  with  the  charge  used.  At  the  lower  charges  (1  through  A) 
the  test  rounds  were  significantly  higher  in  velocity  than  the  control 
rounds  by  amounts  of  A  to  6  fps,  while  there  was  no  significant  difference 
for  charges  5  through  8.  However,  at  charge  9,  the  velocity  level  of  the 
test  rounds  was  significantly  lower  by  6  fps.  This  pattern  was  generally 
repeated  in  the  extreme  temperature  groups  but  with  differences  decreas¬ 
ing  at  +1A5°F  and  increasing  at  -50°F. 

There  were  no  instances  of  the  test  rounds  velocity  standard  deviations 
being  significantly  greater  than  those  of  the  control  rounds.  In  three 
cases  they  were  significantly  smaller. 
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The  observed  range  data  obtained  in  the  test  showed  essentially  the  same 
results  as  the  velocity  data.  At  +70°F  the  ranges  for  the  test  cartridges 
were  significantly  longer  than  for  the  control  cartridges.by  as  much  as 
41  meters  at  charge  4.  Shorter  ranges,  by  as  much  as  47  meters,  were 
recorded  for  the  test  rounds  at  charge  9.  At  the  extreme  temperatures 
these  differences  were  magnified. 

i 

The  observed  range  dispersions  for  the  test  cartridges  were  equal  to  or 
better  than  those  of  the  control  cartridges. 

The  differences  in  corrected  range  data  between  test  and  control  show 
that  the  flight  ballistics  of  the  two  rounds  are  matched.  When  velocity, 
projectile  weight,  and  metrological  corrections  were  applied  the  greatest 
differences  in  average  range  at  +70°F  were  +8  meters  and  -18  meters, 
occurring  at  charge  3  and  charge  9  respectively.  Differences  at  the 
extreme  temperatures  also  fell  within  these  limits. 

The  highest  individual  pressure  with  the  test  rounds  was  9000  psi  with 
rounds  conditioned  at  +145°F,  compared  to  9200  psi  for  a  control  rounds. 

Eleven  hang" ups  and  misfires  occurred  with  the  control  rounds  which  were 
fired  alternately  with  the  test  rounds.  No  hang-ups  or  misfires  occurred 
with  the  test  rounds. 

Three  hang-ups  with  control  rounds  fired  when  the  tube  was  struck.  These 
were:  one  charge  3  and  one  charge  8  at  +70°F,  and  one  charge  4  at  +145°F. 

Of  the  other  eight  misfires  with  control  rounds,  four  fired  on  a  second 
attempt  and  four  failed  to  fire,  two  after  two  attempts  and  two  after  only 
one  attempt.  The  misfires  that  fired  on  a  second  attempt  were:  one  charge 
7  at  +70°F,  two  charge  4  and  one  charge  2  at  -50°F.  The  misfires  that 
failed  completely  were:  one  charge  4  (two  attempts)  at  +70°F,  two  charge 
5  (one  attempt)  at  +70°F,  and  one  charge  4  (two  attempts)  at  -50°F. 

2.3.5  Analysis 

The  test  criteria  was  partially  met. 

The  velocity  data  showed  that  the  test  rounds  were  significantly  different 
in  velocity  level  from  the  control  rounds  in  six  of  nine  charges  at  +70°F 
by  as  much  as  +6  fps.  At  extreme  temperatures  these  differences  Increased 
to  -10  fps  and  +13  fps.  In  all  cases  the  velocity  dispersions  of  the 
test  rounds  was  equal  to  or  better  than  the  control  rounds.  The  Firing 
Tables  Branch  of  BRL  has  stated  (letter  in  Appendix  V)  that  the  velocity 
differences  are  significant  enough  to  require  a  correc'.ion  for  velocity 
when  using  tables  with  M374  aiming  data.  However,  they  also  state  that 
present  tables  will  suffice  until  more  data  are  available. 

The  pressure  data  indicated  no  difference  between  test  and  control  rounds. 
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The  range  data  showed  a  response  to  the  velocities  in  that  for  the  observed 
ranges,  the  test  rounds  were  significantly  different  from  the  control  for 
six  of  the  nine  charges  at  +70°F  by  amounts  of  approximately  +45  meters. 
After  correcting  the  range  data,  the  test  cartridges  were  different  at 
+70°F  for  four  charges  by  approximately  +10  meters. 

The  velocities  and  observed  ranges  of  the  test  cartridges,  while  not 
statistically  matched  with  those  of  the  control  cartridges,  showed  dif¬ 
ferences  no  greater  than  lot-to-lot  differences  experienced  with  produc¬ 
tion  M374  cartridges.  From  a  practical  standpoint  when  considering  pro¬ 
duction  variations  the  test  cartridges  may  be  considered  as  matching  the 
control  rounds. 

Hang-ups  which  occurred  with  the  control  rounds,  after  firing  test  rounds, 
are  believed  to  be  caused  by  residue  from  the  test  round  which  obstructed 
the  larger  diameter  of  the  control  rounds,  but  which  would  not  affect  the 
smaller  diameter  test  rounds.  Similar  hang-ups  might  occur  in  the  field 
if  rounds  with  different  bourrelets  were  alternated. 
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Velocity  •  Uniformity  Phase 
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Control  lot  *1A 
Test  lot  MA-M* 
Not  taken. 
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2.4  WATERPROOFING  PHASE 


2.4.1  Objective 

The  objective  is  to  determine  if  the  bare  test  cartridge  provides  suffi¬ 
cient  protection  against  moisture  contamination  to  eliminate  or  signifi¬ 
cantly  reduce  the  occurrence  of  low  velocities  which  would  result  in 
short  rounds. 

2.4.2  Criterion 

The  criterion  is  that  the  test  cartridge  performance  shall  be  equal  to 
or  significantly  better  than  that  obtained  in  the  USATECOM  evaluation 
when  submitted  to  the  following  environments: 

a.  Puddle. 

b.  Rain. 

c.  Ten-day  warm-wet  humidity  test. 

2.4.3  Method 

2.4.3. 1  Puddle  Test.  This  test  simulated  the  dropping  of  a  cartridge 
into  a  water  puddle  by  individually  immersing  60  inert  test  cartridges 
into  sufficient  water  to  cover  all  propellant  increments.  They  were  re¬ 
moved  after  2  seconds.  They  were  then  fired  in  accordance  with  Table  2.4-1. 
Ten  dry  test  cartridges  were  fired  at  each  charge. 

Table  2.4-1.  Schedule  for  Puddle  Test 


Shaken 

No.  Chg  Before 

Rds  Incr  -  Firing 

15  4  Yes 

15  4  No 

15  9  Yes 

15  9  No 


2.4.3. 2  Rain  Test.  Inert  test  cartridges  were  subjected  to  a  simulated 
rain  test  of  4  +  1  inch  per  hour  as  shown  in  Table  2.4-II. 

The  rain  test  was  repeated  for  durations  of  30  minutes  and  2  hours.  The 
cartridge  groups  were  fired  within  10  minutes  after  removal  from  the  rain 
for  velocity  uniformity  at  a  convenient  elevation.  Cartridges  were  in 
containers  for  transport  from  rain  test  facility  to  firing  position.  Ten 
dry  test  cartridges  were  fired  at  each  charge. 
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Table  2.4-II.  Schedule  for  Rein  Test 
Shaken 

No.  Chg  Before  Duration, 

Rds  Incr  Firing  min 

10  9  Yes  10 

10  9  No  10 

10  4  Yes  10 

10  4  No  10 


2.4. 3. 3  Humidity  Test.  In  this  test,  30  inert  test  cartridges  were  sub¬ 
jected  to  a  warm-wet  humidity  cycle  for  10  days  in  accordance  with  MTP 
4-2-820  (Interim  Pamphlet  70-84).  One-half  the  cartridges  were  fired  at 
charge  4  and  one-half  at  charge  9  for  velocity  uniformity  at  a  convenient 
elevation.  Firings  were  performed  when  the  cartridges  were  at  their  high 
humidity  cycle.  Twenty  inert  test  cartridges,  not  subjected  to  the  humid¬ 
ity  test,  were  fired  with  the  test  rounds,  10  at  charge  4  and  10  at 
charge  9. 

2.4.4  Results 

2.4.4. 1  Puddle  Test.  Table  2.4-III  summarizes  the  firing  results. 

Table  2.4-III.  Velocity  Results  of  the  Puddle  Test 


No. 

No. 

Rds 

Charge 

MV.  fos 

Rds 

Cons 

Tvne  Rd 

No.  Incr 

Mean 

Std  Dev 

Dlff 

10 

10 

Test,  not  conditioned® 

4 

572 

1.99 

0 

15 

15 

Test,  shaken 

4 

559 

5.24 

-13 

15 

15 

Test,  not  shaken 

4 

548 

10.22 

-24 

10 

10 

Test,  not  conditioned® 

9 

856 

3.83 

0 

15 

15 

Test,  shaken 

9 

839 

5.69 

-17 

15 

15 

Test,  not  shaken 

9 

806 

14.83 

-50 

aSame 

ammunition  as  test  but  not  conditioned  (dry). 

There 

was  no  low  velocity  for  any  round 

fired  which 

would 

result  in 

a 

short 

range  (defined  as  less  than  80%  of  the  anticipated  range).  One  mls< 

fire  occurred, 

due  to  residue,  at  charge  4  (shaken) 

but  it 

fired  on 

a 

second  attempt. 
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2.4.4. 2  Rain  Test.  Table  2.4-IV  summarizes  the  firing  results. 


Table  2.4-IV.  Velocity  Results  of  the  Rain  Test 


No. 


No. 

Rds. 

Rds 

Cons 

Charge, 

Type  Rd  No.  Incr 

Mean 

MV,  fps 
Std  Dev 

Dlff 

10 

10 

Test, 

not  conditioned3 

9 

855 

1.77 

0 

10 

10 

Test, 

not  conditioned3 

4 

572 

1.90 

0 

Ten-Minute  Soak 

10 

10 

Test, 

shaken 

9 

818 

17.38 

-  37 

10 

b  9 

Test, 

not  shaken 

9 

824 

14.00 

-  31 

10 

c  9 

Test, 

shaken 

4 

550 

8.07 

-  22 

10 

10 

Test, 

not  shaken 

4 

544 

12.35 

-  28 

Thirty-Minute  Soak 

10 

d  9 

Test, 

shaken 

9 

805 

27.84 

-  50 

10 

e  7 

Test, 

not  shaken 

9 

744 

127.40 

-111 

10 

10 

Test, 

shaken 

4 

533 

14.05 

-  39 

10 

10 

Test, 

not  shaken 

4 

542 

11.25 

-  30 

Two -Hour  Soak 

10 

b  9 

Test, 

shaken 

9 

744 

86.60 

-111 

10 

f  7 

Test, 

not  shaken 

9 

769 

54.24 

-  86 

10 

10 

Test, 

shaken 

4 

497 

38.30 

-  75 

10 

8  9 

Test, 

not  shaken 

4 

478 

80.03 

-  94 

aSame  ammunition  as  test  but  not  conditioned  (dry). 
bShort  -range  round  (approximately  SO  yards)  not  considered. 
cOne  low  velocity  (442  fps)  not  considered. 
dOne  very  low  velocity  (406  fps)  not  considered. 

eOne  very  low  velocity  (388  fps)  and  two  short-range  rounds  (approximate¬ 
ly  50  yards)  not  considered. 

fOne  very  low  velocity  (428  fps)  and  two  short-range  rounds  (approximate¬ 
ly  50  yards)  not  considered. 

*0ne  high  velocity  (608  fps)  not  considered.  This  high  velocity,  +36  fps 
greater  than  expected,  was  probably  due  to  an  accumulation  in  the  tube 
of  unburned  propellant  from  the  previous  round  which  had  a  very  low 
velocity  indicating  poor  ignition. 


In  the  10-mlnute  soak,  two  test  rounds  had  critically  low  velocities 
which  would  result  in  a  short  range  (less  than  80%  of  anticipated  range): 
one  of  10  with  charge  9,  shaken,  and  one  of  10  with  charge  4,  not  shaken. 
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In  the  30-rainute  soak,  six  test  rounds  had  critically  low  velocities  with 
charge  9i  one  of  10  shaken  and  five  of  10  not  shaken*  None  with  charge  4 
had  a  critically  low  velocity. 

In  the  2-hour  soak,  three  of  10  test  rounds  with  charge  9,  shaken,  had 
critically  low  velocities*  Four  of  10  with  charge  9,  not  shaken,  one  of 
10  with  charge  4,  shaken;  and  two  of  10  with  charge  4,  not  shaken  also 
had  critically  low  velocities. 

All  test  rounds  were  fired  within  10  minutes,  or  less,  from  the  time  of 
removal  from  the  simulated  rain  facility* 

2. 4. 4. 3  Humidity  Test.  Table  2.4-V  summarizes  the  firing  results. 

Table  2.4-V.  Velocity  Results  of  the  Humidity  Test 


No. 

No. 

Rds 

Charge , 

MV.  fps 

Rds 

Cons 

Type  Rd 

No.  Incr 

Mean 

Std  Dev 

Dlff 

10 

10 

Test,  not  conditioned3 

4 

570 

2.01 

0 

15 

15 

Test 

4 

560 

2.46 

-10 

10 

10 

Test,  not  conditioned® 

9 

854 

2.41 

0 

15 

15 

Test 

9 

844 

3.11 

-10 

aSame  ammunition  as  test  but  not  conditioned  (dry). 


Inspection  of  test  rounds  after  the  10-day  warm-wet  humidity  cycle  showed 
a  brownish  discoloration  of  the  Celcon/silk  increment  bagB  on  the  rounds. 
No  weakening  damage  of  any  kind  was  apparent. 

No  short  rounds  occurred  during  firing  although  the  velocity  level  with 
test  rounds  was  10  fps  lower  than  with  control. 

All  test  rounds  were  fired  within  7  minutes,  or  lers,  from  the  time  of 
removal  from  the  humidity  cabinet. 

2.4.5  Analysis 

Test  criterion  was  partially  met.  The  performance  of  test  cartridges  met 
the  criteria  of  equal  to  or  better  than  previous  USATEC0M  evaluation  in 
the  puddle  test  and  the  humidity  test,  but  did  not  meet  the  criterion  in 
the  rain  test,  probably  because  the  ends  of  the  Celcon/silk  propellant 
bags  were  sewed  and  not  heat- sealed  as  previously. 


2.5  BUMP  TEST 


2.5.1  Objective 

The  objective  was  to  determine  if  the  cartridges  will  survive  rough 
handling  and  be  operational. 

2.5.2  Criterion 

The  test  cartridge  shall  be  operational  and  safe  to  fire  after  this  test. 

2.5.3  Method 

Twenty-one  rounds  (7  boxes)  were  subjected  to  a  bump  test  which  consists 
of  a  constant  table  displacement  of  1  inch,  double  amplitude  at  a  speed 
of  300  rpm  imparting  an  acceleration  of  1.3  g  for  a  period  of  30  minutes. 
This  test  was  conducted  at  ambient  temperature.  The  rounds  were  unpacked, 
inspected  for  damage  and  fired  for  velocity  at  charge  9.  Test  rounds, 
not  subjected  to  the  bump  test,  were  fired  at  the  same  charge.  Firings 
were  at  ambient  temperature.  Velocity  and  pressure  were  measured  for 
each  round. 

2.5.4  Results 

There  was  no  visual  evidence  of  damage  to  the  cartridges  or  packing 
materials  and  no  loss  of  propellant  increment  charges  from  the  cartridge 
fin  assembly  as  a  result  of  the  bounce.  The  firing  results  after  the 
bump  test  are  contained  in  Table  2.5-1. 


Table  2.5-1.  Velocity  and  Pressure  Results  with  Bump-Test  Rounds 


No. 

Rds 

Cons 

21 

21 


Chamber 


Type  Round 


Test,  not  conditioned 
Test 


Charge, 


9 

9 


the  bump  test. 


MV, 

fps 

Pressure,  psi 

Mean 

Std  Dev 

Mean 

866 

3.37 

8050 

825 

863 

2.40 

8075 

430 

rent  lot  and  not 

subjected  to 

2.5.5  Analysis 

The  test  criterion  was  met. 
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2.6  MAINTENANCE  EVALUATION 


The  modification  to  the  M374  cartridge  is  not  expectr*«  to  afft<ct  the 
maintenance  requirements  that  are  presently  associated  with  the  r.tgnAard 
cartridge.  Observations  were  made  throughout  the  program  for  any  mpimt*- 
nance  problems  with  the  test  cartridge. 

2.6.1  Results 

Maintenance  problems  with  the  test  M374A2  cartridge  appear  to  be  no  aif- 
ferent  from  those  with  the  standard  M374 

2.6.2  Analysis 
Not  applicable. 


2.7  SOLAR  RADIATION  PHASE 

2.7.1  Objective 

The  objective  was  to  determine  if  the  test  cartridge  will  perform  properly 
after  being  subjected  to  solar  radiation. 

2.7.2  Criterion 

The  test  cartridge  will  not  be  adversely  affected  by  the  simulated  desert 
cycle  of  solar  radiation. 

2.7.3  Method 

The  test  cartridges  were  subjected  to  a  simulated  desert  cycle  for  2 
weeks  (Figure  2.7-1).  Twenty-seven  test  cartridges  were  conditioned  in 
accordance  with  the  procedure  outlined  in  MIL-STD-210A  (World-Wide  Pro¬ 
gram),  as  follows: 

a.  Nine  each  with  bare  round  and  clamshell  (styrofoam)  over  in¬ 
crements  (Figure  2.7-2). 

b.  Nine  each  with  bare  round  and  black  bag  (plastic)  over  incre¬ 
ments  (Figure  2.7-3). 

c.  Nine  each  in  fiber  container  without  jungle  wrap  or  clamshells. 

All  test  components  were  examined  visually  to  detsrmlne  serviceability. 

All  cartridges  that  appeared  to  be  serviceable  were  fired  for  velocity 
with  maximum  service  charge  after  being  conditioned  at  ambient  tempera¬ 
ture  and  at  a  convenient  elevation. 
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Ten  test  cartridges  that  had  not  been  conditioned  were  fired  to  establish 
normal  velocity  level. 


An  M29  mortar  with  pressure  taps  and  external  copper-crusher  gages  was 
used  to  recurd  peak  pressures  on  all  rounds  fired. 

2.7.4  Results 

Upon  completion  of  the  14-day  test: 

a.  Test  cartridges  with  clamshell  charge  increment  protectors 
showed  slight  discoloration  on  each  end  of  the  increment  bag. 

On  two  rounds,  the  clamshells  were  not  closed  tightly  and  this 
allowed  more  discoloration  of  the  Increment  bags. 

b.  Test  cartridges  with  the  black  bag  charge  increment  protectors 
shoved  only  slight  discoloration  of  increment  bags. 

c.  Test  cartridges  in  fiber  containers  showed  only  slight  discolor¬ 
ation  of  Increment  bags. 

d.  None  of  the  Celcon/silk  Increment  bags  appeared  to  have  become 
brittle  during  the  test. 

e.  Firing  results  after  the  solar  radiation  test  are  contained  in 
Table  2.7-1.  Figures  2.7-2  and  2.7-3  show  black  bag  and  clam¬ 
shell  charge  protectors. 


Table  2.7-1.  Velocity  and  Pressure  Results  with 
with  Solar-Radiation  Rounds 


Legend: 


(A)  ■  Rounds  with  the  black  bag  charge  protector. 

(B)  -  Rounds  with  the  clamshell  charge  protector. 

(C)  -  Rounds  in  the  fiber  containers. 


No. 


Chamber 


Pda  Charge  MV.  fp»  Pressure,  psl 


Cons 

Type  Round 

No.  Incr 

Mean 

Std  Dev 

Mean 

Std  Dev 

10 

Test,  not  conditioned* 

9 

872 

2.22 

8190 

147 

9 

Test  (A) 

9 

852 

4.09 

7780 

97 

9 

Test  (B) 

9 

851 

3.73 

7815 

79 

9 

Test  (C) 

9 

858 

3.02 

8070 

112 

*SaaM  ammunition  as  test  but  from  a  different  lot  and  not  subjected  to 
solar-radiation  conditioning. 
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TEMPERATURE  -  _°f  SOLAR  R/VfJ  I  AT  1  <  / ,  r.  H  ' ;  SITY  -  ETU/FT1  / 1  •  ? 


2.7.5  Analysis 

Test  criterion  was  net.  The  protectors  on  the  rounds  appear  to  have  per* 
formed  with  some  degree  of  success  since  the  Celcon/silk  increment  bags 
were  not  brittle  and  broken  oper.  as  in  the  previous  US  ATE  COM  product  im¬ 
provement  test.  Velocity  levels,  however,  were  from  14  to  21  fps  lower 
than  similar  rounds  not  conditioned. 

-  Specified  Radiation 


Test  Chamber  Temperature 


Figure  2.7-1:  Solar-Radiation  Intensities  and  Test  Chamber 
Temperatures  (per  cycle)  Following  Specification  MIL-STD-210A. 


29 


Figure  2.7-2:  M374A2  Cartridge  with  Black  Bag  (Plastic)  Charge 

Protector. 


Figure  2.7-3:  M374A2  Cartridge  with  Clamshell  (Styrofoam)  Charge 

Protector. 
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2.8  COOK-OFF  PHASE 


2.8.1  Objective 

The  objective  was  to  determine  if  the  test  cartridge  assembled  to  simu¬ 
late  a  misfire  will  cook-off  in  the  M29  mortar  barrel. 

2.8.2  Criteria 

The  test  cartridge  will  not  introduce  additional  safety  hazards  to  the 
mortar  crew  when  compared  to  the  control  cartridge. 

2.8.3  Method 

An  81 -mm  mortar  was  assembled  with  thermocouples  attached  36  inches  from 
the  muzzle  of  the  tube  and  a  temperature  recorder  was  used  to  monitor 
tube  temperature. 

During  the  residue  phase,  after  firing  charge  7  and  charge  9  groups,  a 
simulated  misfire  was  inserted  in  the  tube  to  determine  cook-off  poten¬ 
tial. 

Sufficient  control  rounds  were  fired  at  charge  9  to  heat  the  tube  to 
+550°F.  When  this  temperature  was  reached,  a  test  round,  at  charge  9, 
less  primer,  was  inserted  in  the  tube.  If  a  cook-off  occurred,  a  second 
and  then  a  third  round  were  inserted  after  every  25°  temperature  drop 
and  continued  until  no  cook-off  occurred.  The  temperature  and  elapsed 
time  were  recorded  for  each  cook-dff. 

The  test  was  repeated  by  again  heating  the  tube  to  550°F  but  this  time 
the  control  round,  less  primer,  was  inserted. 

The  entire  test  was  repeated  by  lowering  the  starting  weapon  temperatures 
in  100-degree  increments  until  no  cook-off  occurred  with  either  round. 

The  simulated  misfire  cartridge  was  left  in  the  mortar  for  a  minimum  of 
10  minutes  before  removing  it  if  no  cook-off  occurred. 

2. 8. A  Results 

Results  of  the  cook-off  phase  are  presented  in  Table  2.8-1. 

2.8.5  Analysis 

Test  criterion  was  met.  Results  of  present  test  indicate  that  the  M37AA2 
test  round  with  Celcon/sllk  increment  bags  will  cook-off  at  lower  tube 
temperatures  than  M37A  rounds  with  cotton  bag  increments.  Tests  reported 
in  Report  No.  APG-MT-3285  indicated  that  the  M37A  cartridge  will  cook-off 
at  a  temperature  as  low  as  +440°F  and  after  89  seconds. 

The  shorter  cook-off  time  of  well  under  1  minute  for  the  test  cartridges 
reduces  the  safety  hazard  as  compared  to  the  M374  cartridge  with  cook-off 
times  well  over  1  minute. 

All  cook-off  rounds  in  the  test  had  very  short  ranges. 
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2.9  HUMAN  FACTORS  PHASE 


2.9.1  Objective 

The  objective  was  to  evaluate  any  human  factors  associated  with  the  test 
item. 


2.9.2  Criterion 

No  human  factors  shall  be  introduced  which  will  interfere  with  the  per* 
formance  of  the  intended  mission. 

2.9.3  Method 

Observations  were  made  throughout  the  test  for  any  possible  factors 
which  would  require  modification  to  present  training  or  use  of  warnings. 
In  addition,  representatives  of  USAIB  at  Ft.  Banning  visited  APG  for  an 
examination  of  the  test  item  and  a  briefing  on  test  results. 

2.9.4  Results 

The  white  color  of  the  muffs  was  considered  objectionable  by  the  USAIB 
representatives  due  to  the  problem  of  concealment  (Appendix  V).  The 
cartridge  presented  no  potential  or  real  problems  in  human  factors. 

2.9.3  Analysis 

The  test  criteria  are  considered  to  be  met  when  the  USAIB  recommendation 
is  Included  in  production. 
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SECTION  3.  APPENDICES 


APPENDIX  I  -  TEST  DATA 
Items  l>nder  Teat 

Corf  ridge ,  SI -mm,  ME,  XM374A?  (inprt -loaded)  ,  with  inert  M524A6  fuze, 
lot  MA-SP-912A  (data  card  lists  this  cartridge  as  M374  hut  it  is 
M374A2). 

Cartridge,  81  -™,  HE,  M374A2  f inert -loaded) ,  with  emptv  M524A5  fuze, 
lot  MA-SP-920C. 

Cartridge,  81-mm,  HE,  M374  (inert-loaded),  with  empty  M524A5  fuze, 
lot  MA-SP-N20R. 


Supporting  Facilities  and  Materials 


Wo anon : 

Mortars,  81-mm,  M29E1 ,  Nos.  *>434  and  9431. 

Mounts,  mortar,  M23A1,  Nos.  7922,  4388,  and  8414. 

Baseplate.  81-mm  mortar,  M3,  No.  unknown. 

Ammunition: 

Cartridge,  81-mm,  HE,  M374  and  M3f>2  (inert  -  loaded) ,  with  dummy  fuze, 
lots  various  (conditioning  rounds). 

F.ar  1 1  i  1 1  e  s : 

Firing  positions  (see  round -by -round  data). 

Instrumentation: 

Velocities  (where  pertinent)  were  measured  hy  two  30-inch  solenoid 
coils  at  various  distances  from  the  mortar  muzzle  and  connected  to 
recording  chronographs. 

Heat  measurements  of  the  mortar  in  the  residue  .and  cook-off  phases, 
were  obtained  hy  two  iron -const ant. an  thermocouples  attached  to  the 
mortar  tube  bv  ceramic  (alumina)  spray,  36  inches  from  the  muzzle, 
recorded  bv  two  single-channel  continuous -trace  temperature 
recorders. 

Ranges  were  determined  by  transit  t ri Angulation  hy  observers  at 
three  or  more  observation  roints  downr.ange. 

Chamber  pressures  were  measured  by  two  external  T13  copper-crusher 
gapes  per  round.  The  average  reading  for  the  two  gages  was  recorded. 

Sheet  No.  29  of  Round-bv- Round  nets  (Tmnronerlv  Assembled  Mortar 
Test).  This  6-round  firing  was  for  information  only  and  had  no 
particular  bearing  on  the  product  improvement  test  of  the  M374A2 
cartridge. 

The  round-hy- round  data  are  filed  under  Firing  Record  No.  P-79630 

at  APC. 
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REMARKS)  (SYtiSOLSi  .CHANGES  IN  PROCESS  I  .DEVIATIONS  FROM  OWG.  OR  SPEC*  ...UNUSUAL  OCCURRENCES  OR  DIFFICULTIES) 

1.  'wg.  921*0953,  Rev.  A  (ref). 

2.  This  »ot  was  inert  loaded,  assembled  W/Fmpty  M52UA5  Fuze,  M37UA1  projectiles  a~d  M9CA. 
propellant  increments,  and  packed  as  inert  test  rounds  as  directed  by  AFSA  ) 051  Msgs 
AEP-MA-23-70  dtd  2-I3-70,  and  AEF-MA-52-30  dtd  2-21»- 70 - 
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1.  .8881026  Rev.  h,  W/FaV  6900131  (ref). 

2,  This  lot  loaded  with  Filler  -T!,  aqd  assembled,  completely  inert,  as  directed  by 
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1.  Dwg.  8881026,  Rev.  H,  W/PAN  6900131  (ref). 


2.  This  lot  was  inert  loaded,  assembled  W/Qnpty  M52l*A5  fuze,  M371*  projectiles,  and  M90 
propellant  increments,  and  packed  as  inert  control  rounds  as  directed  by  APSA  1050 
‘  Msgs  AEP-MA-23-70  dtd  2-13-70  and  AEP-MA-52-30  dtd  2-2U-70. 
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APPENDIX  II  -  TEST  FINDINGS 
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The  test  cartridge  per-  2.4  Not  fully  met.  Rain  test 

formance  shall  be  equal  results  worse  than  USATECOM 

to  or  significantly  better  evaluation  rounds,  but 

than  that  obtained  in  the  better  than  cartridge,  M374 

USATECOM  evaluation  when  with  cotton  bags. 
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APPENDIX  III  -  DEFICIENCIES  AND  SHORTCOMINGS 

1.  Deficiencies 

None 

2.  Shortcomings 

None 
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APPENDIX  IV  -  MAINTENANCE  EVALUATION 


No  maintenance  problems  were  noted.  Present  maintenance  Instructions 
for  81 -mm  mortar  aranunltlon  should  be  adequate  for  this  cartridge. 
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APPENDIX  V  -  CORRESPONDENCE 


COPY/she 


DEPARTMENT  OF  THE  ARMY 

HEADQUARTERS,  U.S.  ARMY  TEST  AND  EVALUATION  COMMAND 
ABERDEEN  PROVING  GROUND,  MARYLAND  21005 


AMSTE-BC 


S  -  7  Mar  1969 
3  MAR  1969 


SUBJECT:  Directive  for  Product  Improvement  Test  of  Cartridge,  81mm,  HE, 
M374  with  Reduced  Bourrelet  and  Waterproofed  Ignition/Propel- 
lant  System,  USATECOM  Project  No.  8-9*3010-20 


Commanding  Officer 
Aberdeen  Proving  Ground 
ATTN:  STEAP-CO-P 
APC ,  Maryland  21005 


1.  Reference :  Message,  AMCPM-MT  02-0594  for  AMSTE-BC,  12  Feb  1969, 
subject:  Independent  USATECOM  Evaluation  of  Product  Improved  81mm  M374 
Cartridge,  Inclosure  1. 

2.  Background:  Currently,  Cartridge,  81mm,  HE,  M384  and  its  WP  counter¬ 
part,  M375,  does  not  feature  a  waterproof  ignition/propellant  system.  As 
a  result,  short  rounds  and  misfires  have  been  encountered  in  the  field 
when  these  cartridges  have  been  exposed  to  excessive  moisture.  As  an 
interim  solution  relative  to  moisture  protection,  81mm  mortar  ammunition 
is  currently  supplied  to  the  field  in  a  fiber  container,  which  in  turn 

is  “Jungle  Wrapped.”  As  the  section  of  the  cartridge  containing  the 
ignition/propelling  charge  is  protected  by  a  waterproof  barrier  bag,  the 
cartridge  can  be  removed  from  its  shipping  container  and  still  be  water¬ 
proof,  however,  once  the  barrier  bag  is  removed  the  item  is  again  sus¬ 
ceptible  to  moisture  contamination.  Because  of  ammunition  preparation 
requirements  at  combat  mortar  positions,  this  is  undesirable.  Picatlnny 
Arsenal,  has  been  tasked  to  develop  a  moisture  resistant  ignition/propel¬ 
lant  system  for  use  with  current  81mm  mortar  ammunition.  Waterproofing 
of  components  has  resulted  in  an  acceptable  ignition  system;  testing  of 
a  waterproof  propelling  charge  is  currently  underway  at.  APG  and  is 
expected  to  provide  sufficient  data  upon  which  a  choice  of  propelling 
bag  materiel  can  be  made.  This  command  has  been  tasked  by  AMCPM->fT  to 
conduct  an  Independent  evaluation  of  the  final  waterproof  design  and 
submit  conclusions  relative  to  item  suitability  for  US  Army  use. 
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SUBJECT:  Directive  for  Product  Improvement  Test  of  Cartridge,  81mm,  HE, 
M374  with  Reduced  Bourrelet  and  Waterproofed  Igniti  on/Propel- 
lant  System,  USATECOM  Project  No.  8-9-3010-20 

3.  Description  of  Materiel:  The  test  item  will  feature  the  Cartridge, 
81mm,  M374  with  a  reduced  bourrelet;  an  ignition  cartridge  container 
with  24  -  0.125  inch  flash  holes;  a  108  grain  mylar  wrapped  ignition 
cartridge  without  brass  liner  and  primer  with  sealant  applied  to  the 
primer  threads.  The  final  selection  of  a  waterproof  propellant  hap, 
materiel  has  not  yet  been  made,  however,  current  testing  favors  use  of 
a  celcon/silk  bag  materiel. 

4.  Test  Objectives: 


a.  To  determine  if  the  waterproofed  ignition/propellant  system  will 
provide  sufficient  protection  against  moisture  to  eliminate  or  signifi¬ 
cantly  reduce  field  problems  with  short  rounds. 

b.  To  determine  if  performance  characteristics  in  temperature 
extremes,  of  pressure,  velocity,  range,  accuracy,  signature,  etc.,  are 
affected  by  the  waterproofed  ignltlon/propellant  system  and  the  bourrelet 
reduction. 

c.  To  assure  that  no  safety  or  human  factors  problems  have  been 
induced  into  the  system. 

d.  To  determine  suitability  for  US  Army  use  as  an  alternate  for  the 
Induced  standard  cartridge. 

5.  Responsibilities:  Aberde.  i  Proving  Ground  will: 

a.  Review  and  analyze  all  data  from  previous  tests  at  Picatinny 
Arsenal  and  at  Aberdeen  Proving  Ground. 

b.  Prepare  a  formal  test  plan  in  accordance  with  USATECOM  Regulation 
705-2  that  will  satisfy  the  objectives  of  paragraph  4. 

c.  Conduct  the  Product  Improvement  Test,  prepare  the  final  report, 
and  provide  this  headquarters  with  a  recommended  USATECOM  position  rela¬ 
tive  to  suitability  for  US  Army  use  of  the  waterproofed  ignition/propel¬ 
lant  system  as  an  alternate  for  the  current  standard  system. 

d.  Prepare  an  Initial  Production  Test  Plan  to  satisfy  the  require¬ 
ments  of  AMC  Regulation  700-34  and  forward  this  plan  through  this  head¬ 
quarters  to^icatinny  Arsenal  for  concurrence,  approval  and  assignment. 
The  Initial  Production  Test  will  he  assigned  to  separate  USATECOM  project 
number  upon  receipt  of  a  test  request  from  Picatinny  Arsenal. 
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SUBJECT:  Directive  for  Product  Improvement  Test  of  Cartridge,  81mm,  HE, 
M374  with  Reduced  Bourrelet  and  Waterproofed  Igni tion/Propcl- 
lant  System,  USATEOOM  Project  No.  8-9-3010-20 

6.  Coordination :  Aberdeen  Proving  Ground  is  to  coordinate  the  Initial 
Production  Test  Plan  with  Picatinny  Arsenal. 

7.  Special  Instructions: 


a.  USATECOM  Project  No.  8-9-3010-20  is  assigned  as  per  STE  Form 
1028,  Inclosure  2. 

b.  If  actual  or  potential  human  factors  problems  can  be  associated 
with  the  test  ammunition,  i.e.,  loading,  rate  of  fire,  handling  of 
charges,  etc.,  they  should  be  discussed  with  the  US  Army  Infantry  Board, 
and  if  deemed  necessary,  additional  tests  will  be  imposed  with  the  par¬ 
ticipation  of  the  USAIB  to  resolve  mutual  concerns.  The  degree  of  par¬ 
ticipation  of  the  USAIB  is  to  he  resolved  at  an  early  date  and  this  head¬ 
quarters  is  to  be  advised  accordingly  so  as  to  permit  direction  to  USAIB 
as  deemed  necessary. 

c.  Aberdeen  Proving  Ground  is  to  submit  funding  requirements  to  this 
headquarters. 

c.  APG  recommendations  will  not  be  included  in  thj  test  report,  but 
will  be  forvarded  this  headquarters  under  separate  cover. 

8.  Test  Plans  and  Reports; 

a.  Aberdeen  Proving  Ground  will  submit  10  copies  of  the  formal  test 
plan  as  stated  in  paragraph  5h  to  this  headquarters  no  later  than  7  March 
1969. 


b.  A  final  test  report  will  be  prepared  in  accordance  with  USATECOM 
Regulation  705-2  and  30  copies  will  be  forwarded  to  this  headquarters 
for  approval  and  distribution. 

c.  As  per  paragraph  5d,  an  Initial  Production  Test  Plan  will  be 
prepared  by  Aberdeen  Proving  Ground.  A  complete  formal  test  plan  is  not 
required,  hut  Section  2,  "Details  of  Test"  of  USATECOM  Regulation  705-2 
should  be  included  as  a  minimum. 

9.  Safety;  Sufficient  testing  should  be  conducted  to  provide  assurance 
that  the  product  improved  lgnltlon/propcllant  system  is  as  safe  as  the 
current  standard  system. 

10.  Security:  Test  Materiel,  data  and  reports  will  be  unclassified. 
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SUBJECT:  Directive  for  Product  Improvement  Test  of  Cartridge,  81mm,  HE, 
M374  with  Reduced  Bourrelet  and  Waterproofed  Ignition/Pronel- 
lant  System,  USATECOM  Project  No.  8*9-3010“20 

FDR  THE  COMMANDER: 


3  Incl 

h/ 

C.  J.  Molloy,  Jr. 

1.  Msg,  AMCPM-MT 

Ini 

C.  J.  MOLLOY,  JR. 

2.  STE  Form  1028 

Colonel,  GS 

3.  Dist  List 

Dir,  Inf  Mat  Test  Dir 

Copies  furnished:  (w/o  incl) 
Pres  USAIB 

CG  USAMUCOM  ATTN:  AMSPM-MT 

AMSMU-RE 

CO  PA  ATTN:  SMUPA-DA4 


DEPARTMENT  OF  THE  ARMY 
UNITED  STATES  ARMY  INFANTRY  BOARD 
Fort  Banning,  Georgia  31905 


r 


15  May  1970 


SUBJECT:  Initial  Production  Test  of  Cartridge,  81-mm,  HE,  M374,  with 

Reduced  Bourrelet  and  Waterproofed  Ignition/Propellant  System 
USATECOM  Project  No  MU-001-374-039 


Commanding  Officer 

Aberdeen  Proving  Ground 

ATTN:  STEAP-MT-TA  (Mr.  Lavery) 

Aberdeen  Proving  Ground,  Maryland  21005 


1.  Reference  is  made  to  IPT  of  Cartridge,  81-mm,  HE,  M374,  with  Reduced 
Bourrelet  and  Waterproofed  Ignition/Propellant  System,  to  include  Protec¬ 
tive  Muff,  (test  item). 

2.  On  24  April  1970,  representatives  from  USAIB  inspected  the  test  item 
at  the  Materiel  Test  Directorate,  Aberdeen  Proving  Ground,  to  determine 
if  the  modifications  made  to  the  test  item  had  any  actual  or  potential 
human  factor  problems. 

3.  No  actual  or  potential  human  factor  problems  were  detected;  however, 
the  color  of  the  muff  (white)  is  tactically  unacceptable. 

4.  It  is  recommended  that  the  muff  be  black  or  brown  to  conform  with 
current  camouflage  techniques. 

FOR  THE  PRESIDENT: 


ROBERT  L.  VICK 
CW2,  USA 
Adjutant 
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DEPARTMENT  OF  THE  ARMt'~Mr.  Nels..n/ajb/  36f» 1 

BALLISTIC  RESEARCH  LABORATORIES 
U  9  ARMY  ABERDEEN  RESEARCH  AND  DEVELOPMENT  CENTER 
ABERDEEN  PROVING  GROUND,  MARYLAND  2100S 

AMXRD-BEL-FT  9  June  1970 

SUBJECT:  Ballistic  Match  Test  of  Cartridges,  HE, 

M374  A2  Versus  HE,  M574 

Commanding  Officer 
Aberdeen  Proving  Ground 
ATTN:  STEAP-MT-TA 

Mr.  R.  Holwager 

Aberdeen  Proving  Ground.  Md.  21005 


1.  This  office  was  asked  by  Picatinny  Arsenal  to  evaluate  range  data 
fired  at  APG  on  8,  9  and  10  April  1970.  The  evaluation  is  to  determine 
if  the  subject  cartridges  are  ball istically  matched  to  the  extent  that 
they  can  be  fired  effectively  using  the  same  firing  tables. 

2.  Analysis  of  the  data  included  statistical  tests  of  the  variances  in 
range  and  muzzle  velocity  which  revealed  the  following: 

a.  Significant  differences  exist  in  the  mean  values  for  most  charges. 

b.  No  significant  differences  were  noted  in  dispersion. 

c.  Most  differences  in  range  are  directly  related  to  differences  in 
velocity. 

d.  A  muzzle  velocity  cross-over  occurs  between  charges  six  and 
seven. 

3.  In  order  to  provide  more  accurate  aiming  data  when  firing  the  subjec 
cartridges,  a  correction  to  muzzle  velocity  must  be  made  for  one  car¬ 
tridge  when  attempting  to  use  the  same  aiming  data  for  both. 

4.  Present  firing  tables  for  Cartridge,  HE,  M374  will  suffice  for  firing 
Cartridge,  HE,  M374A2  until  more  aiming  data  are  available. 

FOR  THE  DIRECTOR: 
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APPENDIX  VI  -  REFERENCES 


1.  Cheater,  H.  W. ,  Teat  Plan  on  Initial  Production  Teat  of  Cartridge, 

81 -MM,  HE,  M374  with  Reduced  Bourrelet  and  Waterproofed  Ignition/ 
Propellant  System,  with  Change  No.  1,  USATECOM  Project  No. 

8-MU-001 -374-039.  Aberdeen  Proving  Cround. 

2.  Cheater,  H.  W. ,  Final  Report  on  Product  Improvement  Teat  of  Cartridge, 
81-MM,  M374  with  Modified  Ignition  -  Propellant  System  and  Reduced 
Bourrelet.  USATECOM  Project  No.  8-MU-001-374-010.  Aberdeen  Proving 
Cround.  APG-WT-3311,  August  1969.  (Distribution  controlled  by  Pro¬ 
ject  Manager,  US  Army  Munitions  Command,  ATTN:  AMCPM-MT,  AD  85  8  9  86.) 

3.  Cheater,  H.  W. ,  Final  Report  on  Product  Improvement  Test  of  Cartridge, 
81-MM,  HE,  M374  with  Reduced  Bourrelet  and  Waterproof  Ignltlon/Propel- 
lant  System,  USATECOM  Project  No.  8-MU-001 -374-008.  Aberdeen  Proving 
Cround.  Report  No.  APG-MT-3285 ,  August  1969.  (Distribution  controlled 
by  Project  Manager,  us  Army  Munitions  Command,  ATTN:  AMCPM-MT, 

AD  858  9 84L . ) 
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(Following  P«B»  Blank) 


APPENDIX  VII  -  ABBREVIATIONS 


APG 

■  Aberdeen  Proving  Ground 

Avg 

■  average 

BRL 

■  Ballistic  Research  Laboratories 

cond 

■  condition 

cons 

"  considered 

deg 

■  degree 

dev 

-  deviation 

diff 

■  difference 

P 

■  Fahrenheit 

fps 

■  feet  per  second 

g 

■  acceleration  due  to  gravity 

HE 

“  high  explosive 

ICAO 

■  International  Civil  Aviation  Organization 

incr 

■  increment 

IP 

■  Initial  production 

max 

■  maximum 

MIL  STD 

■  Military  Standard 

min 

■  minimum  or  minute 

MTP 

■  Materiel  Testing  Pamphlet 

mv 

■  muzzle  velocity 

No. 

■  number 

PE 

■  probable  error 

press. 

”  pressure 

psl 

-  pounds  per  square  inch 

QE 

*  quadrant  elevation 

rd 

-  round 

rpm 

**  revolutions  per  minute 

RTV 

-  room  type  vulcanizing  silicone  rubber 

std 

-  standard 

T-C 

*  between  test  and  control  rounds 

temp 

*  temperature 

USAIB 

-  US  Army  Infantry  Board 

USAMUCOM 

*»  US  Army  Munitions  Command 

USATECOM 

■  US  Army  Test  and  Evaluation  Command 

vel 

■  velocity 

WP 

■  white  phosphorus 

wt 

-  weight 
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Ilnclassl  ftp 


DOCUMINT  CONTROL  DATA  -RAD 

(Stcurity  cloooltlcatlon  ot  tltt o,  6 ady  ol  okittaci  and  Indaalng  annotation  moot  bo  ontorod  whan  tho  oooratl  toaort  1$  tlaoalllodj 


1.  ORlOlNATINO  ACTIVITY  (CotpOfOtO  OUthot)  IftA.  RKRORT  ilCURlTY  CLASSIFICATION 

Materiel  Tasting  Directorate  •  Unclassi fled 

Aberdeen  Proving  Ground,  Maryland  21005 


I.  UfOKT  TITLE 

INITIAL  PRODUCTION  TEST  OF  CARTRIDGE ,  81 -MM,  IIK,  M374A2  WITH  RKDUCKO  B0URRE1.ET  AND 
WATERPROOF!’ 0  IONITION  -  PROPEU.ANT  SYSTEM 


4.  DIIC4I4TIVI  NOTH  fTVp»  al  rtpti  an*  Inalutlva  dalaa) 

Final  Report  10  March  to  14  Mav  1l<70 


•  ■  AU  THO  nisi  (Flrot  no  mo,  mlddlo  Initial,  loot  namo) 

V.  H.  Mrfov 


•  RIPORT  OATC 

June  1970 


M.  CONTRACT  OR  ORANT  NO 

Mot  applicable 

k.  AAOJEC  T  NO. 

f  SATE  COM  Project  No.  8-MU-001  -  174-O’J'* 


10.  DISTAIBUTION  4T  A  T  IMtNT 


74.  TOTAL  NO.  OF  FAIII  7*.  NO.  OF  ACF* 

58  1 


9b.  othcR  report  NOIS)  (Any  othor  nuutboro  Ft  at  may  bo  aool0iod 
thlo  roport) 


This  document  nnv  he  further  dl st ributed  hv  any  holder  only  with  specific  prior 
approval  of  Commanding  Ceneral ,  I'S  Armv  Munitions  Command,  ATTN:  AM^MU-HE . 


12.  IFONiOAINB  MILITANT  ACTIVITY 


AMS MU* RE 


.  AB9TNAC T 

An  initial  nroductlon  test  was  conducted  at  Aberdeen  Proving  Cround  from  10  March  to 
14  May  1470  on  tho  81-mm  mortar  cartridge,  HI' ,  M374A2  (M174E5)  which  features  a  re¬ 
duced  hourrelet  and  a  water  resistant  ignition  -  propellant  system.  Tho  cartridges 
tested  were  Inert-loaded  and  represent  the  initial  production  of  Milan  Army  Ammunition 
Plant.  Various  tests  were  conducted  to  determine  if  the  test  item  was  equal  to  or 
better  than  the  M374E5  test  cartridge  submitted  previously  for  US  Army  Test  and  Evalua1 
tion  Command  evaluation.  Residue  tests  V'ere  satisfactory;  velocity  level  differences 
of  test  rounds  were  significant  though  of  small  magnitude  compared  with  the  control 
(M374) ,  and  velocity  and  range  dispersion  were  pqual  to  or  better  than  the  control; 
pressures  were  satisfactory;  test  rounds  did  not  perform  as  well  as  previously  in 
waterproofness  tests  because  the  ends  of  tho  Celcon/silk  propellant  bags  were  sewed 
md  not  heat-sealed  as  in  the  earlier  version;  there  were  short  rounds  in  the  rain 
test,  hut  none  in  the  puddle  or  humidity  test;  rough  handling  tests  using,  charge  pro¬ 
tector  muffs  were  satisfactory;  solar-radiation  tests  with  charge  protection  wore  sat¬ 
isfactory;  and  cook-off  hazards  and  maintenance  with  test  rounds  were  not  significant! 
different  from  that  experienced  with  control  rounds.  United  States  Army  Infantry 
Board  renre.septati  ves  found  no  human  factors  problems  except  that  the  white  Increment 
protector  muffs  should  he  black  or  brow  to  conform  with  current  camouflage  techniques 
Tt  was  concluded  that  the  initial  production  M374A2  cartridges  performed  satisfactoril 
equal  to,  or  better  than  the  item  in  the  previous  US  Army  Test  and  Evaluation  Command 
evaluation  In  all  phases  except  for  velocity  level  and  waterproof ness.  A  correction 
to  firing  tables  to  compensate  for  velocity  differences  Is  required. 


FMM  a  a  tto  mflacii  oe  womu  i«?».  i  jam  m. 

•  M*V  BB  I  4  /  W  OBMLITI  FOM  A  AMY  UBS. 


Unclassified 


Tourrolet,  reduced,  R1*mm 

Ignition  •  propellant  nvatom,  81*mm 

Cartridge,  81 -mm,  HE 

'Waterproof 08  Ignition  *  propellant,  81 

’'ortar  cartridge,  81 -nm,  III' 


